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APPLICATION

(57) In order to simplify configuring new linear motor
applications it is provided that stator segments (Sm) are
arranged in a layout view (12) of a planning view (11) to
form a workspace (WS) of the linear motor (1) and dis-
playing the workspace (WS) in the layout view (12), that
workstations (Wj) ar earranged in the workspace (WS)
and simultaneously displaying the workstations (Wj) in a
workflow view (13) of the planning view (11), that the
workstations (WS) are connected in the layout view (Wj)
and/or in the workflow view (13) according to a given

workflow (WF) that defines an order of sequence of
workstations (Wj), whereas the workflow (WF) is dis-
played in theworkflow view (13) in the form of a flowchart
with the workstations (Wj) as nodes that are linked by
connections that define the order of sequence, and that
the layout view (12) and the workflow view (13) are
dynamically linked such that a change in the configura-
tion of the linear motor (1) in the layout view (12) is
automatically reflected in the flowchart of the workflow
view (13), and/or vice versa.
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Description

[0001] The present invention pertains to a configura-
tionmethod and configuration tool for configuring a linear
motor application.
[0002] Linear motors can be distinguished between
long-stator linear motors and planar motors. In both
cases a shuttle of the linear motor is provided that is
moved as a result of an interaction of magnetic fields
produced by the shuttle and the stator of the linearmotor.
The main difference is that in a long-stator linear motor,
the stator extends only in direction of movement,
whereas in a planarmotor, the stator extends two-dimen-
sionally and provides a movement plane in which a
shuttle can be moved freely in two directions.
[0003] In a long-stator linear motor, a plurality of mag-
netic elements are arranged next to one another in a
stationarymanner alongastator. Themagnetic elements
can be electrical drive coils. The drive coils are controlled
by a control unit to generate a time-variable and moving
magnetic field in the desired direction of movement by
energizing the respective drive coils of the stator in the
region of a shuttle. Alternatively, magnetic elements can
bepermanentmagnets,whicharemoveablyarrangedon
the stator to generate the time-variable and moving
magnetic field. A number of drive magnets, either as
permanent magnets or as an electrical coil or a short-
circuit winding, which are separated by an air gap from
the magnetic elements of the stator and which interact
with the magnetic elements, are arranged on a shuttle.
[0004] By generating a time-varying and moving mag-
netic field with themagnetic elements, e.g. by energizing
the drive coils, in the region of the drive magnets of the
shuttle, amagnetic field canbegeneratedwhich interacts
with the magnetic field of the drive magnets in order to
generate a propulsive force and/or a normal force (in the
direction transverse to themovement direction) acting on
the shuttle. The shuttle is moved by the propulsive force.
As a result, the shuttle can be moved in the desired
manner along the track. It is also possible, and usually
the case, to have several shuttles that are moved simul-
taneously and independent from each other along the
track.
[0005] Usually, the stator comprises aplurality of stator
segment, with each stator segment having a specific
number of magnetic elements. The stator segments
canalsohavedifferent geometries, suchasstraight lines,
curves, switches etc. The stator segments can then be
assembled to form thedesiredstator byarranging them in
a row. A stator therefore builds a track for the shuttle, the
shuttle follows during movement. It is also possible to
have several tracks in a long-stator linear motor that are
connectedby switches.A shuttlemay thenchange tracks
at a switch.
[0006] Examples of long-stator linear motors can be
found in WO 2013/143783 A1, US 6,876,107 B2, US
2013/0074724 A1 or WO 2004/103792 A1.
[0007] A planar motor substantially has a stator which

forms a movement plane. One or more stator segments
usually build the stator of the planar motor. A stator
segment is usually in the shape of square or rectangle.
Stator segments can be connected to form virtually any
pattern to form the movement plane - from squares,
rectangles to complex shapes that traverse around other
equipment or to link different working stations of a pro-
duction process. One or more movable devices, so-
called shuttles, can be moved mainly in two dimensions
in the movement plane formed by the stator. For this
purpose, magnetic elements are usually arranged on
the stator, in particular on the stator segments of the
planar motor. The magnetic elements can be electrical
drive coils. The drive coils are controlled by a control unit
to generate a time-variable and moving magnetic field in
the desired direction of movement by energizing the
respective drive coils of the stator in the region of a
shuttle. Alternatively, magnetic elements can be perma-
nent magnets, which are moveably arranged on the
stator to generate the time-variable andmovingmagnetic
field. The shuttle comprises amagnet unit which includes
drive magnets (permanent magnets or electromagnets).
The drive magnets are arranged two-dimensionally dis-
tributed on the shuttle. The magnet unit of the shuttle or
rather the drive magnets of the magnet unit interact
electromagnetically with the moving magnetic field of
the stator so that a drive force and a levitation force
can be exerted on the shuttle. Furthermore, it is also
conceivable that only fixed permanent magnets are
mounted on the stator as magnetic elements and the
moving magnetic field is generated on the shuttle. In
connection with the present disclosure, the stationary
unit of the planar motor is generally referred to as stator,
which comprises at least one stator segment and the
devices, which are moveable in the movement plane
defined by the stator are referred to as shuttles, regard-
less of the mode of operation.
[0008] The drive force generated by the electromag-
netic interaction between shuttle and stator can be used
to move the shuttle in the desired direction of movement
of the movement plane. The levitation force can be used
to lift off the shuttle from the stator surface to an operation
height (e.g., a fewmillimeters to a fewcentimeters) and to
maintain the shuttle at that operation height during op-
eration (e.g., as long as the drive coils are energized or
the permanent magnets of the stator are moving). Thus,
for example, an air gap is created and/or configured by
the levitation force. The air gap between the shuttle and
the stator surface can be maintained and the shuttle can
magnetically levitate at operation height above the stator
surface during the operation of the linear motor. Addi-
tionally, tilting forces and moments acting on the shuttle
can also be generated for more complex movements. A
two-dimensional interaction of the magnetic fields of the
stator and of the shuttles is required to enable the two-
dimensional movement of the shuttles, which is charac-
teristic for a linear motor. The magnetic elements of the
stator and the drive magnets are therefore advanta-
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geously arranged in such a way that, in addition to a one-
dimensional movement along the axes spanned by the
movement plane (e.g., x- and y-axis based on a coordi-
nate system defined by the movement plane), more
complex two-dimensional movements of the shuttle in
the transport plane are also possible.
[0009] Planar motors are well known in prior art. US
9,202,719 B2, for example, discloses the basic structure
and the mode of operation of a planar motor.
[0010] Modern linear motors make it also possible to
carry out high-precision movements of the shuttle. In the
example of a long-stator linearmotors, the high-precision
movement is mainly in direction of movement along the
stator, whereas also limitedmovements across the direc-
tion of movement is also possible. In the example of
planarmotors, the shuttles are levitating above the stator
surface and can be moved in the direction of all six rigid
body degrees of freedom. Translational movements of
the shuttle in two main directions of movement (e.g., x-
and y-direction based on the coordinate system fixedly
defined by the movement plane) are possible with vir-
tually no restrictions, due to the modular design of the
stator - comprising one or more stator segments. In
addition, a translation of the shuttle in a third spatial
direction ("lifting" or "lowering" of the shuttle in z-direction
based on the coordinate system fixedly defined by the
movement plane) and rotations of the shuttle (up to a
specific deflection) can be carried out at least to a limited
extent. The motor forces and torques required for these
shuttle movements are generated by means of (electro)
magnetism.
[0011] The invention pertains to planar motors, as well
as to long-stator linear motors. In the following only the
term "linear motor" is used that encompass both, i.e.
planar motors and long-stator linear motor.
[0012] A linearmotor canbeusedasa transport device
in a production process, for example, wherein very flex-
ible transport processeswith complexmotionprofiles can
be implemented.Amotionprofilecanbegivenasposition
of a shuttle over time, or speed of a shuttle over time, or
speed of a shuttle in dependence of position, etc. Such
applications of a linear motor as a transport device are
well known in the prior art.
[0013] For implementing a transport task with a linear
motor, not only the stator, i.e. the arrangement of the
stator segments, and the positions of workstations, for
processing objects transported with shuttles of the linear
motor, on or along the stator need to be planned, but also
the movement paths of the shuttles. For a planar motor,
the movement path are on the movement plane of the
stator, whereas in a long-stator linear motor, the move-
ment path is along the stator,whereasseveral stators can
be connected tby switches. The movement path is the
route the shuttle takes when the linearmotor is operated,
e.g. a route on the movement plane. EP 4 194 375 A1,
WO 2020/109276 A1 and US 10,926,418 B2 are exam-
ples of how shuttle movement paths are planned for a
planar motor, especially in order to avoid collisions of

shuttles when the motions are performed.
[0014] Linear motor technology is inherently flexible in
the way it can be configured in respect to arrangement of
the stator segments and the positions of workstations on
the stator, as well as in respect to the definition of move-
ment paths of the shuttles on the stator. Last but not least,
the shuttles can also be moved with different dynamics
(speed, acceleration, jerk, etc.). Usually, with a linear
motor not only a simple motion task is performed, i.e.
moving a shuttle from A to B. The linear motor is usually
integrated in a workflow, e.g. a sequence of manufactur-
ing process steps on transported objects that need to be
carried out at workstations in predefined order, with the
linear motor performing the transporting of the object
from one workstation to the next in the predefined order.
The workflow can in general be regarded as the se-
quence of workstations required for implementing a de-
sired task with the linear motor. Because of its flexibility,
the linear motor is perfectly suited for different tasks. But
this flexibility entails also a great complexity in designing
and planning new linear motor applications. For design-
ing and planning linear motor configuration tools are
required that allow a user to configure a linear motor to
the needs of its application.
[0015] However, today there is only the most basic
graphical system configuration tools in the market for
linearmotor technology. For a planarmotor, this ismostly
a grid-based deployment of segments in an array of X by
Y segments, then a user deselects any segments within
this given grid size that are not actually present in the
specific application.Workflowsandother parameters are
handled through programmatic steps and static table
entries which lack any dynamic capabilities. Such an
approach is quite burdensome for the user and requires
also programming knowledge of the user.
[0016] Hence, there is a need to provide amethod and
a tool for configuring new linearmotor applications which
allows to utilize the inherent flexibility of linear motors
without profound programming knowledge of a user.
[0017] This is achieved in that stator segments are
arranged in a layout view of a planning view to form a
workspace of the linear motor and displaying the work-
space in the layout view. Furthermore, workstations are
arranged in the workspace and are simultaneously dis-
played in aworkflow view of the planning view, preferably
next to the layout view.Thesestepscanbedonebyauser
in an easy way and especially graphically in the layout
vieworworkflowview. Theworkstationsare connected in
the layout viewand/or in the flowchart viewaccording to a
given workflow that defines an order of sequence of
workstations, whereas the workflow is displayed in the
flowchart view in the form of a flowchart with the work-
stations as nodes that are linked by connections that
define the order of sequence. This connecting step can
also easily be done by a user graphically. To support the
user in the configuration, the layout view and the flow-
chart vieware dynamically linked such that any change in
the configuration of the linear motor in the layout view is
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automatically reflected in the flowchart of the flowchart
view, and/or vice versa. This allows the user to edit a
configuration of a linear motor either in the workflow view
or in the layout view,whichever ismore suitable.With this
configuration method, a linear motor application can be
configured graphically and without programming knowl-
edge. A linear motor application can thus be planned
intuitively and in an easy way.
[0018] Arranging of stator segments or group of stator
segments and of workstations is preferably done by drag
and drop. To this end also snap-on of segments or group
of stator segment toagivengridorother segmentscanbe
implemented. Arranging the stator segments or group of
stator segments or workstations is done by the user
software based graphically. This supports the user in
configuring the workspace and allows quick configura-
tion of the workspace.
[0019] Also connecting the workstations is preferably
done by the user fully graphically (software based), by
drawing a line between two workstations in the layout
view or in the workflow view. This supports the user in
configuring the workflow and allows quick configuration
of the linear motor.
[0020] Adding or removing a workstation or a connec-
tion in one of the views is advantageously reflected in the
respective other view. This also support the user in con-
figuring the linear motor significantly. The user can freely
choose in which of the view he wants to work as every
change is immediately displayed in both views.
[0021] It is especially advantageous when configura-
tion method further comprises the step of automatically
planning movement paths between the workstations in
the workspace according to the order of sequence de-
fined by the connections of the workstations and accord-
ing to given planning rules.With themovement paths, the
configuration can be used for operating the linear motor.
The configuration can be used by the control unit of a
linearmotor to controlmovement of the shuttlesalong the
movement paths. To this end, the configuration method
can also automatically generate software instructions for
moving the shuttles along the movement paths from
workstation to workstation in the order of sequence of
the flowchart for realizing the workflow.
[0022] The configuration can further be supported
when the configuration method further comprises the
step of simulating the movement of the shuttles along
themovement paths for realizing theworkflow for a given
time period and in accordance with given dynamic para-
meters of the movements of the shuttles. By use of the
simulation, the user gets immediate feedback if the con-
figuration works when the linear motor is operated.
[0023] It is especially advantageous, when a charac-
teristic parameter of the operation of the linear motor is
determined during the simulation. Such characteristic
parameter can be used to compare different configura-
tions for the same workflow in order to optimize the
configuration terms of a certain goal that is measured
with the characteristic parameter.

[0024] The present invention is described below in
greater detail with reference to Figs. 1a through 4, which
show schematic and non-limiting advantageous embodi-
ments of the invention by way of example. In the draw-
ings:

Figs.1a and Fig. 1b are different views of a possible
embodiment of a planar motor,
Fig.2 is an exemplary embodiment of aworkspace of
a planar motor,
Fig.3 shows an inventive planning view,
Fig.4 shows the planning of movement paths of
shuttles and
Fig.5 shows a configuration computer system for the
configuration tool and method.

[0025] The invention is described in the following using
the example of a planar motor as an embodiment of a
linear motor but can also be applied analogously to other
embodiments of a linearmotor, especially suchasa long-
stator linear motor.
[0026] With reference to Figs. 1a and Fig.1b the well-
known principle of a planar motor as example of a linear
motor 1 is explained by way of an exemplary embodi-
ment. Figs.1a and 1b show a simplified exemplary em-
bodiment of a transport device in the form of a planar
motor. Fig.1a shows the planar motor in a partially bro-
ken-away plan view, and Fig.1b shows the planar motor
in a partially broken-away side view. The planar motor
has at least one stator segment Sm. "m" is used as an
index in order to be able to distinguish different stator
segments, wherein, generally, the reference sign Sm is
used when no specific stator segment is addressed. The
stator segment(s) Sm form the stator 2 with a movement
plane 3. At least one shuttle Tn is movable in the move-
ment plane 3 at least two-dimensionally in two main
movement directions H1, H2, that correspond to x and
y axis of a coordinate system. "n" is used as an index in
order to be able to distinguish different shuttles, wherein,
generally, the reference sign Tn is used when no specific
shuttle is addressed. Within the scope of the invention,
the movement plane 3 refers to the planar surface of the
stator 2andstator segmentSm,whichmovement plane3
is determined by the size and shape of the stator 2. The
movement plane 3 can be oriented in space in any way.
For the sake of simplicity, only one stator segment Sm is
shown in Fig.1a. Of course, a plurality of stator segments
Sm (which can be different in shape) is usually arranged
next to eachother in order to form the stator 2 anda larger
movement plane3.Asa result, theplanarmotor canhave
amodular workspaceWS defined by the arrangement of
stator segments Sm, andmovement planes 3 of different
shapesandsizes canbe realized. In themovement plane
3 of the stator 2, several shuttles Tn can naturally also be
moved simultaneously and independently of one an-
other. It is even possible to use shuttles Tn of different
size or shape, for transporting different objects O, for
example.
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[0027] It is to note, that the useable workspace WS
does not necessarily correspond to the complete move-
ment plane 3 formed by the stator segments Sm. It is
possible that the shuttles Tn are blocked from entering
certain defined blocked regions BR of the movement
plane 3.
[0028] A first coil group SG1 with several drive coils
AS1,which defines the firstmainmovement directionH1,
andasecond coil groupSG2with several drive coils AS2,
which defines the second main movement direction H2,
are arranged on the stator segment Sm. In general, the
drive coils are also designated by ASi, where "i" is an
index, in order to be able to distinguish the drive coils if
necessary. The drive coils AS1 of the first coil group SG1
are arranged next to each other in a specific direction - in
this case, in the X-direction of a Cartesian coordinate
system - in order to form the first main movement direc-
tion H1 for the movement of the shuttle Tn, which in this
case extends along the X-axis. The drive coils AS2 of the
second coil groupSG2are arranged next to each other in
a specific direction - in this case, the Y-direction of a
Cartesian coordinate system - in order to form a second
main movement direction H2 for the shuttle Tn, which in
this case extends along the Y-axis. The drive coils AS1,
AS2 of the first and second coil groups SG1, SG2, as
shown in Fig. a, are preferably arranged relative to one
another such that the twomain movement directions H1,
H2 are orthogonal to one another.
[0029] Several drive magnets 4 are arranged on the at
least one shuttle Tn, which interact electromagnetically
with drive coils AS1, AS2 of at least one of the two coil
groups SG1, SG2 in the region of the shuttle Tn for
moving the shuttle Tn. For this purpose, the shuttle Tn
generally has a main body 9, on the underside of which
(facing the movement plane 3) the drive magnets 4 are
arranged, as can be seen in Fig. 1b. In Fig. 1a, the main
body 9 is shown largely broken away to be able to see the
arrangement of the drive magnets 4. As indicated in
Fig.1b, the drive magnets 4 are arranged in several
magnet groups MGa, MGb. The drive magnets 4 are
usually arranged with alternating polarity, as indicated
in Fig.1b. The drive magnets 4 can also be oriented
differently in the different magnet groups MGa, MGb.
[0030] In the example shown, two first magnet groups
MGa and two second magnet groups MGb are arranged
on the shuttle Tn. A single first magnet group MGa and a
single second magnet group MGb per shuttle Tn are
substantially sufficient to move the shuttle Tn in the
movement plane3.Of course,more than twofirstmagnet
groups MGa and more than two second magnet groups
MGb can also be arranged per shuttle Tn. There are
many different arrangements of magnet groups MGa,
MGb known, like a 1-D arrangement, 2-D arrangement,
a Halbach arrangement etc.
[0031] With a planar motor as shown in Fig.1a and
Fig.1b, a substantially unrestrictedmovement of a shuttle
Tn in the twomainmovement directions H1, H2would be
possible, for example, in the movement plane 3 of the

stator segment 2. It could in this casebepossible tomove
the shuttle Tn, for example, only along the X-axis or only
along the Y-axis. The shuttle Tn can naturally be moved
simultaneously in both main movement directions H1,
H2, e.g., along a two-dimensional movement path Pk
lying in themovement plane 3with anX-coordinate and a
Y-coordinate, as indicated on the shuttle Tn in Fig.1a. "k"
is used as an index in order to be able to distinguish
different movement paths, wherein, generally, the refer-
ence sign Pk is used when no specific movement path is
addressed. But also the other four degrees of freedom
can also be used at least to a limited extent (translational
movement in the vertical direction Z and rotation about
the three axes X, Y, Z).
[0032] Amovement pathPkcanbeanopenpath, i.e., a
path whose beginning and end do not coincide, or a
closed path, i.e., a path whose beginning and end coin-
cide.
[0033] Drive coils ASi can also be arranged one above
the other in the normal direction (here, in the Z-direction).
In the embodiment according to Fig.1b, the drive coils
AS1 of the first coil group SG1 are arranged closer to the
movement plane 3 in the direction perpendicular to the
movement plane3 (here, in theZ-direction) than thedrive
coils AS2 of the second coil group SG2. There are many
different arrangements of drive coils ASi known, like a
single-layer arrangements, a herringbone arrangement,
a double-layer arrangement etc.
[0034] A control unit 10 is also provided in the planar
motor,withwhich thedrive coils ASi of the stator segment
2 are controlled for energizing, as indicated in Fig.1a, in
order to generate the magnetic fields for moving shuttles
Tn. Essentially, this means that the drive coils ASi are
energized by the control unit 10 such that the shuttle Tn
executes a desired movement path Pk in the movement
plane 3 and with a desired motion profile, wherein the
movementpathPk isnot limitedonly toamovement in the
main movement directions H1, H2, but can also specify
movements in the four other degrees of freedom. The
movement pathPk is tobedefined, e.g., for implementing
a transport task with the planar motor as a transport
device or in dependence of a specific production process
of a system in which the planar motor is integrated as a
transport device. The planarmotor, andmore specifically
the drive coils ASi of the planarmotor, is controlled by the
control unit 10 such that a shuttle Tn moves along the
desiredmovement pathPk in themovement plane 3. The
control unit 10 controls not only the movement path Pk
but also the dynamics of the movement, especially
speed, acceleration, jerk, at any point in time.
[0035] An actual value of the movement of the shuttle
Tn, e.g., an actual position (also an actual orientation of
the shuttle Tn) or an actual speed, is usually also used for
the implementation or control of themovement path Pk in
the control unit 10. For this purpose, suitable sensors,
e.g., position sensors, can also be arranged on the stator
segment 2, thedetectedmeasuredvariables ofwhich are
transmitted as actual values of the movement to the
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control unit 10 or from which actual values of the move-
ment are determined in the control unit 10.
[0036] The control unit 10 can also be designed as a
distributed controller, e.g., having anumber of coil control
units 5, for example one coil control unit 5 per stator
segment Sm, and a superordinate system control unit
6 that is connected to thenumber of the coil control units 5
- for example, via a communications network. For exam-
ple, the systemcontrol unit 6 can implement the transport
task and prespecify target points for the shuttle Tn in the
movement plane 3 to the segment control unit in order to
move the shuttle Tn according to a movement path Pk to
perform the transport task. For this purpose, power elec-
tronics can also be provided on a stator segment Sm,
which power electronics generate the required coil vol-
tages or coil currents and apply them to the drive coils
ASi.
[0037] A control unit can be implemented as micropro-
cessor-based hardware, e.g., as a computer, microcon-
troller, digital signal processor (DSP), programmable
logic controller (PLC), etc., on which corresponding con-
trol programs for implementing the respective function
run. An embodiment as an integrated circuit, such as, for
example, anapplication-specific integratedcircuit (ASCI)
or field programmable gate array (FPGA), is also con-
ceivable.
[0038] In operation of the planar motor, in a possible
embodiment, a movingmagnetic field is generated in the
first main movement direction H1 by corresponding acti-
vation of the first drive coils AS1. The moving magnetic
field in the first main movement direction H1 mainly
interacts electromagnetically with the drive magnets 4
of the first magnet group(s) MGa in order to move the
respective shuttle Tn in the firstmainmovement direction
H1. Analogously, by activating the second drive coils
AS2, a substantially moving magnetic field is generated
in the second main movement direction H2, which sub-
stantially moving magnetic field mainly interacts electro-
magnetically with the drive magnets 4 of the second
magnet group(s) MGb in order to move the shuttle Tn
in the second main movement direction H2. Depending
upon the activation of the drive coils AS1, AS2, the
moving magnetic fields are superimposed, as a result
of which the shuttle Tn can be moved in the desired
manner along the prespecified two-dimensional move-
ment path Pk in the movement plane 3. As already
mentioned also movements in further degrees of free-
dom could be realized as well.
[0039] The drive coils ASi are usually activated in such
away that a force acts on the shuttle Tn in the direction of
the Z-axis, with which force the shuttle Tn is kept levitat-
ingabove themovement plane3 for generatinganair gap
L (Fig.1b) (which is also possible while the shuttle Tn is at
a standstill).
[0040] A long-stator linearmotor, as further example of
a linear motor 1, differs from a planar motor mainly in that
the drive coils ASi are arranged next to each other along
the stator so that the movement plane is reduced to a

movement line that is defined by the geometric shape of
the stator. It Is not necessary to have drive coils ASi for
different directions in a long-stator linearmotor. Also on a
shuttleTnof long-stator linearmotor, thereareusuallynot
drive magnets for different directions of movement. The
workspace WS of a long-stator linear motor is also de-
fined by its stator, whereas stators can also be connected
by switches.
[0041] The above explanation regarding the structure
and functionof a linearmotor 1aremerely for explanatory
purposes and are not to be understood as limiting, and
serve for better understanding the invention. For the
present invention, it is irrelevant how the linear motor 1
is constructed in detail.
[0042] In order to operate a linear motor 1, the linear
motor 1 and the movement of the shuttles Tn need to be
planned and configured first in order to realize a desired
workflowWF. The workflowWF is the sequence of work-
stations Wj required for implementing the desired task
with the linearmotor 1. j" is usedas an index in order to be
able to distinguish different workstations, wherein, gen-
erally, the reference sign Wj is used when no specific
workstation is addressed. The workflow WF may also
contain additional information like process time at work-
stations Wj, dynamic parameters for the movement of
shuttles Tn between workstations Wj or other relevant
operational data. Such parameters could be defined for
each workstation Wj, as well as for the travel between
each workstation Wj along a movement path Pk.
[0043] The configuration of the linear motor 1 includes
the arrangement of the stator segments Sm and the
arrangement of a number j workstations Wj in the region
of the stator 2 the shuttles Tn, that transport a certain
object O, travel to. The number of shuttles Tn may vary
and the configuration comprises at least one shuttle Tn,
usually a plurality of shuttles Tn. It is also possible to use
different shuttles, e.g. different in size or dynamic cap-
abilities, ina linearmotor 1configuration.For realizing the
workflow WF, the object O can be transported with the
same shuttle Tn through all required workstations Wj or
with different shuttles Tn. The shuttles Tn must travel to
the workstations Wj in a certain order in order to perform
certain tasks on the transported objects O for realizing a
workflow WF.
[0044] Fig.2 shows a simple configuration of a planar
motor havingaplurality of stator segmentsSm that define
a rectangular shaped stator 2. In the shown configura-
tion, the stator segments Sm, Sm‑1 represent a blocked
regionBR (indicatedhatched) of thestator 2 andmust not
be entered by the shuttles Tn, at least during normal
operation of the planar motor. The workspace WS of
the planar motor, i.e. the area in which shuttles Tn may
move, is therefore defined by the stator segments S1 to
Sm‑2. There are four workstationsW1 toWj arranged on
the stator 2 and the shuttles Tn travel to all workstations
Wj in a predefined order. The arrows at the shuttles Tn
indicate the direction of movement of the respective
shuttle Tn. In this example, in the first workstation W1,
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an object O is placed on the shuttle TE1. The shuttles Tn
then travels to the next workstations W2, Wj‑1, avoiding
the blocked region BR (indicated hatched) of the stator 2.
In these workstations W2, Wj‑1 certain tasks are per-
formedonorwith the objectO. Theshuttles Tn travel next
to the last workstationWj at which the finished processed
object O is removed from the shuttle Tn.
[0045] There are many different applications possible
for linear motors 1, like life sciences, assembly, pharma,
intralogistics, laboratory automation, packaging, food,
beverage, E-mobility, battery manufacturing, etc., but
the invention is not limited to a specific application.
The application just influences the workflow WF and
the workstations Wj required to implement the workflow
WF.
[0046] In a simple example, the planarmotor of Fig.2 is
used in a laboratory to transport blood samples (objectO)
to different blood analysis stations (workstations W2,
Wj‑1). The blood samples are loaded on a shuttle T1 in
a loading station (workstationW1) and are thenmoved to
the blood analysis stations in a certain order. After ana-
lysis, the blood samples are removed from the shuttle in
an unloading station (workstation Wj) and the empty
shuttles Tn are returned to the loading station or a shuttle
buffer. In order to increase throughput, there could be
several bloodanalysis stations inparallel that perform the
same analysis and a shuttle Tn with a blood sample
travels to a free workstation.
[0047] The invention pertains to a configuration tool
andmethod that allow theuser to configurea linearmotor
1 for performing a desired workflow WF in a simple,
intuitive and easy way. The such configured linear motor
1 is then used to carry out theworkflowWFbymoving the
shuttles Tn along defined movement paths Pk and with
the desired dynamics to the required workstations Wj in
thedefinedorder.To this end the layoutof the linearmotor
1, especially of the stator 2, needs to be configured, in
order to define the workspace WS for the linear motor 1
application. Furthermore, the workstations Wj required
for the workflow WF need to be positioned on or in the
region of the workspace WS of the stator 2. Different
applications or workflows WF require different linear
motor 1 layouts, in size as well as in shape. Then the
movement paths Pk of the shuttles Tn for moving the
shuttles Tn from one workstation Wj to the next in the
required order of sequence need to be planned and
defined. With the movement paths Pk, the control unit
10 can control the movement of the shuttles Tn for
performing the workflow WF with the linear motor 1.
[0048] It is however rather difficult to plan a workflow
WFdirectly on the layout of a workspaceWSof the stator
2 especially when the workflow WF is complex with
several workstationsWj, possibly alsowith parallel paths
with equal workstations Wj, as the workflow WF is not
immediately reflected in the planned layout of the stator 2
and the positions of the workstations Wj. The workflow
WF would be more intuitive in form of a flowchart as
sequence of workstations Wj that are connected in a

certain way. On the other hand, in a flowchart no informa-
tion is comprisedhowaworkspaceWSof a linearmotor 1
has to look like in order to implement the workflow WF.
[0049] The basic approach of the invention is to use
both, namely the layout of the workspace WS and the
workflow WF, simultaneously for configuring the linear
motor 1. With this approach, the advantages of both can
be utilized and their inherent drawbacks can be avoided.
The inventive configuration tool and method use a plan-
ning view10 that is shownona display 11 to the user. The
display 11 can be a computer screen, for example. The
planning view 10 comprises a layout view 12 and a
workflow view 13 that are shown simultaneously to the
user, preferably next to each other. This is schematically
shown in Fig.3.
[0050] The planning view 11 is displayed on a compu-
ter screen, for example, of a configuration computer
system 20 on which configuration software is installed.
When the configuration software is run on the configura-
tion computer system 20, the configuration method can
be carried out. It is also possible that the configuration
software runs on a server computer 21 and the user 22
accesses the configuration software from another com-
puter 23 (client) connected to the server computer 21,
over the internet 24, for example. The configuration soft-
ware could be accessible via a web browser on the
computer 23 of the user 22. The client computer 23 of
the user 22 comprises a display 25, at which the planning
view 11 is displayed. The user 22 may control the con-
figuration software bymeans of ordinary computer input /
output devices, like a computer mouse, a touchscreen, a
keyboard, etc. Such an embodiment of the configuration
computer system 20 of the configuration tool is shown in
Fig.5.
[0051] In the layout view 12 the workspace WS of the
linear motor 1 is graphically shown with its stator seg-
mentsSn,andpossibly alsowithanyblocked regionsBR.
[0052] As already mentioned, in case of a long-stator
linear motor as linear motor 1, also switches could be
provided to connect stators. Such switches are consid-
ered as special stator segments Sm and can be handled
in the configuration tool andmethod like stator segments
Sm.
[0053] The configuration tool and method allow the
user to freely arrange (graphical representations of) sta-
tor segments Sm in any desired number and configura-
tion for defining the workspace WS of the linear motor 1.
The user may also define a certain region of the work-
spaceWS, that doesnot necessarily correspond towhole
stator segments Sm, as blocked region BR.
[0054] To this end, it is advantageous that the stator
segments Sm can be arranged by the user by "drag and
drop" to build the desired workspace WS. The drag and
drop is a software feature that allows the user to do this
graphically in the layout view 12, bymeans of a computer
mouse or on a touchscreen, for example. The user se-
lects a stator segmentSm, fromamenuor selection list of
a software interface, for example, and drags it into the
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layout view 12. This is indicated in Fig.3 with the stator
segment Sm+1 that is dragged by the user to the work-
spaceWS. It is also advantageous in this connection that
the stator segments Sm are arranged in the layout view
12 with the use of snap-on connections, i.e. the placed
stator segments Sm are automatically placed in the
correct way when a stator segment Sm is dropped by
theuser close to analreadypresent stator segmentSm in
the workspaceWS. It is also possible that the segment is
snapped onto a defined grid of the workspace WS. It is
also possible that not only single stator segmentsSmcan
be arranged by the user, but also predefined stator seg-
mentgroupscomprisinganumberof stator segmentsSm
in a predefined arrangement. For example, a segment
group in a L‑ shape comprising four stator segments Sm
or in a rectangular or square shape comprising any
number of stator segments Sm could be defined. The
user could then drag and drop such segment groups.
[0055] The configuration tool andmethod allow also to
place (graphical representations of) workstations Wj in
the workspace WS of the linear motor 1, also preferably
by drag and drop and with snap-on to correct, defined
positions on a stator segment Sm. This is indicated in
Fig.3 with the workstation Wj+1 that is dragged by the
user to the workspace WS. Also a workstation Wj could
be selected by the user from a menu or a list of available
workstations Wj.
[0056] A blocked region BR could be defined by the
user in the layout view12bydrawinga regionwithdefined
shape in the workspaceWS or by selecting certain stator
segments Sm.
[0057] The layout of the workspace WS can also be
alteredor editedat any timeduring the configuration, also
preferably by drag and drop. This could be done by
adding stator segments Sm and/or workstations Wj to
the workspace WS or removing certain stator segments
Smand/or workstationsWj from theworkspaceWSor by
rearranging or repositioning certain stator segments Sm
and/or workstations Wj. Such editing can easily be car-
ried out software-based in graphical way in the layout
view 12.
[0058] It is also possible that planning of the linear
motor 1 starts with a predefined workspace WS having
a predefined shape and number or stator segments Sm
and that this predefinedworkspaceWS is adapted by the
user by adding or removing or rearranging stator seg-
ments Sm.
[0059] It is recognizable in Fig.3 that it is hardly possi-
ble to identify a workflowWF only by means of the work-
stationsWj in theworkspaceWSandonly from the layout
view 12.
[0060] Therefore, the workflow view 13 is shown in
parallel in the planning view 10. The workflow view 13
displaysaworkflowWFasasequenceofworkstationsWj
thatare required for implementinga required taskwith the
linearmotor 1 in aflowchart. Thenecessaryandavailable
workstations Wj for realizing a certain task are of course
known.

[0061] In the workflow WF the sequence of worksta-
tionsWj is shownbywayof a flowchart. In the flowchart, a
node represents a workstation Wj and the sequence is
given by the arrows connecting the nodes. The arrow
starting from a workstation Wj‑1 indicates the next work-
stationWj that has to follow for implementing the desired
workflow WF.
[0062] In the example of Fig.3, the flowchart comprises
also parallel branches with equal workstations W3, W4
and W5, W6 in each branch. For realizing the desired
task, a shuttle Tn has to follow one of the parallel
branches. It would be almost impossible to recognize
such parallel branches in the layout view12, for example.
[0063] Theworkflowview13and the layout view12are
interconnected and dynamically linked by the configura-
tion tool andmethod, i.e. by software. Thismeans, on the
one hand, that each workstation Wj exists in the layout
view 12 and in the workflow view 13. The order of se-
quence of the workstations Wj is shown in the workflow
view 13 by way of the arrows that link the nodes (work-
stations Wj) in the flowchart. The connection of work-
stationsWj is preferably also be shown in the layout view
12, as indicated in Fig.3 with the dashed lines connecting
workstations Wj. But in the layout view 12, the connec-
tions do not necessarily reflect an order of sequence.
[0064] The interconnected and dynamically linked
workflow view 13 and layout view 12 allow the user to
configurea linearmotor 1application in the layout view12
by arranging (placing / adding / removing / rearranging)
stator segments Sm and/or workstations Wj. The work-
stations Wj can be connected in the layout view 12, the
connection indicating which workstation Wj can be
reached from which other workstation Wj. This is dyna-
mically reflected in the workflow view 13 by way of a
flowchart. The flowchart, however, does not only reflect
the connections of the workstations Wj (as in the layout
view), but does also give in the flowchart the order of
sequence of the workstations WF. The user can follow
and check the configuration in the layout view 12 in
parallel in the resulting flowchart of the workflow WF.
The user could however also configure the linear motor
1 application in the workflow view 13 and by means of a
flowchart of the workflow WF. The user could define a
workflow WF in the workflow view 13, by connecting
workstations Wj to a flowchart, and the workstations
Wj in the workflow WF could be dynamically added to
the existing workspace WS in the layout view 12. The
workstations Wj could be positioned on available seg-
ments Sm in the workspace WS. The user could then
place or reposition the workstations Wj in the workspace
WS in the layout view 12 as need be. In praxis, the
configuration will likely be amixture of both, with the user
working in the layout view 12 and in the workflow view 13
with the changes in one view being dynamically reflected
in the other view.
[0065] It is possible that editing theworkspaceWS, the
arrangement of stator segments Sm, the arrangement of
workstationsWj is only allowed in the layout view 12 and
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that changes in the layout view 12 are reflected into the
workflow view 13. It is however also possible that editing
is only possible in the flowchart of the workflow view 13
and that changes in the workflow view 13 are reflected
into the layout view12. But it is highly beneficial to be able
to work seamlessly between the workspace WS in the
layout view 12 and the flowchart in the workflow view 13.
Therefore, it is highly advantageous that editing is al-
lowed in both, the layout view 12 and the workflow view
13, and that a change in one of the views is dynamically
linked into the respective other view.
[0066] Dynamically linking therefore means, on the
other hand, that the layout view 12 and theworkflow view
13 are linked such that a change in the configuration of
the linear motor 1 in the layout view 12 is automatically
reflected in the flowchart of the workflow view 13, and/or
vice versa. "and/or vice versa" means, that a change in
theconfigurationof the linearmotor1 in the layout view12
is automatically reflected in the flowchart of the workflow
view 13, or that a change in in the flowchart of the work-
flowview13 is automatically reflected in the configuration
of the linearmotor 1 in the layout view12, or that a change
in the configuration of the linearmotor 1 in the layout view
12 is automatically reflected in the flowchart of the work-
flow view 13 and a change in in the flowchart of the
workflow view 13 is automatically reflected in the config-
uration of the linear motor 1 in the layout view 12.
[0067] Connecting of workstations Wj in the layout
view 12 or in the flowchart of the workflow view 13 could
be done graphically (i.e. software-based), by drawing a
line between two workstations Wj, for example. To this
end, the graphical objects representing the workstations
Wj in the layout view 12 or in the workflow view 13 could
have connection points at which an end of a drawn line
automatically connects to, preferably also by snap-on.
Connecting two workstations Wj could however also be
realized by graphically selecting two points (e.g. connec-
tion points), which are then command based automati-
cally connected by a line.
[0068] Once the desired workflow WF has been
planned and configured by the user, the configuration
tool and method can automatically plan the movement
paths Pk in the workspace WS the shuttles Tn have to
follow in order to travel through theworkstationsWj of the
workflow WF in the given order of sequence. The con-
figuration tool and method comprise a movement path
planning tool that is implemented as software that is run
on the configuration computer system 20. For a long-
stator linear motor as linear motor 1, planning of a move-
ment paths Pk can involve setting of switches, if a shuttle
Tn has to change tracks for realizing a movement path
Pk.
[0069] The planning of the movement paths Pk by the
movement path planning tool can be performed accord-
ing to predefined rules. For example, it could be provided
that a movement path Pk connects two workstations Wj
with the shortest path possible in the workspace WS. It
could also be provided that the path may only be aligned

parallel to the edges of the stator segments Sm. The
shuttles Tn would then only travel in one of the main
movement directions H1, H2 at one time.
[0070] It is possible touseawell-knownmodifiedA* (A-
star) pathfindingalgorithmusing customizedweighting to
plan and optimize the movement paths Pk to offer the
optimal layout for a high volume of shuttles Tn in the
smallest possible workspace WS. The A* algorithm tries
to find an optimal path in some environment, which in the
present application is a grid of segments. The goal is to
get from a start position (workstation Wj‑1, for example)
to a target position (workstation Wj, for example) in the
best possible way. This is not always the shortest path as
other requirements to be satisfied could be defined. For
example, two shuttles Tn can move in opposite direc-
tions, and it must be ensured that they do not collide by
making enough space between these two opposite
paths. Furthermore, it could be desirable to avoidmaking
turn moves, as the shuttles Tn would have to brake and
hold still for a certain time (dwell time) before moving on.
Thiswould reduce the final throughput. Theweightings of
the algorithm can be configured for optimizations based
on user preferences, like shortest travel distance or
minimal direction changes.
[0071] Fig.4 shows a workspaceWS of a planar motor
in the layout view 12 resulting from such a planning.
[0072] InFig.4 theplannedworkspaceWS in the layout
view 12 and the planned workflow WF in the workflow
view 13 are shown. The automatic path planning leads to
the movement path BP1 connecting the first workstation
W1 with the second workstation W2, to the movement
path BP2 connecting the secondworkstationW2with the
third workstation W3, to the movement path BP3 con-
necting the second workstation W2 with the fourth work-
station W4 (parallel to the third workstation W3), to the
movement pathBP4 connecting the thirdworkstationW3
with the fifth workstation W5, to the movement path BP5
connecting the third workstation W3 with the fifth work-
station W5, and so on.
[0073] It could be provided in the configuration tool and
method, that a planned movement path Pk is graphically
(i.e. software based) changed or adapted by the user in
the layout view 12, preferably by dragging a path at
defined points of the path.
[0074] In a further aspect of the invention the config-
uration tool and method allow adding a waypoint WP in
theworkspaceWS.AwaypointWP isapoint amovement
path Pk has to go through and can therefore be used to
influence the route of a movement path Pk. The planning
of the movement paths Pk would consider defined way-
points WP. A movement path Pk is planned that a set
waypoint WP, assigned to the movement path Pk, lies on
the planned movement path Pk. Waypoints WP could
also be editable in the workspace WS by the user, pre-
ferably graphically (i.e. software based) by drag and drop
in the layout view 12. Fig.4 shows a waypoint WP on the
path P3 between workstation W2 and W4, for example.
[0075] A waypoint WP can also be used in order to
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define entry or exit points of workstations Wj. Such way-
pointsWPcan bepart of aworkstationWj andwould then
be automatically set in the workspace WS when the
workstation Wj is included in the workspace WS.
[0076] It is also conceivable that the automatic plan-
ning of the movement paths Pk is not possible with the
given planning rules and with the given workspace WS.
For example, if two workstations Wj can only be con-
nected by a movement path Pk in a way that another
movement path Pk is crossed, then such a configuration
could be forbidden, because crossing movement paths
Pk could lead to collisions of moving shuttles Tn. There
can also other rules be implemented in the configuration
tool andmethod for checking if a possiblemovement path
Pk is allowed or not.
[0077] In case amovement pathPk between twowork-
stations Wj cannot be planned with the existing planning
rules, the planning can stop and the configuration tool
andmethodcan indicate to theuserwhereaproblemwith
the movement paths Pk exists, preferably directly in the
layout view 12 and/or the workflow view 13. This can be
done graphically (i.e. software based) in the respective
view, for example. The user can then edit the workspace
WS by adding or removing or rearranging at least one
stator segment Sm or by repositioning a workstation Wj,
for example.
[0078] The configuration tool and method can also
propose to the user how the workspace WS needs to
be adapted to allow a movement path Pk. The config-
uration tool and method could for example place a new
segmentSm in the layout view12at a required position or
could reposition a workstation Wj. The user can then
accept the proposed adaptation or manually adapt the
workspace WS.
[0079] Another possible outcomeof the planning of the
movement paths Pk is that stator segments Sm that are
not used in implementing the workflow WF can be iden-
tified. If a stator segment Sm is not used at all, this could
be indicated to the user by the configuration tool and
method, preferably graphically (i.e. software based) in
the layout view 12, and such a stator segment Sm could
be removed from the workspace WS.
[0080] For moving a shuttle Tn along the planned
movement paths Pk, software instructions can automa-
tically be generated by a software generation tool of the
configuration tool andmethodwithwhich the linearmotor
1 is controlled for moving the shuttle Tn from one work-
station Wj to a next workstation Wj in the order of se-
quenceof theflowchart for realizing theworkflowWF.The
software instructions can be in the form of simple move-
ment instructions, like instructions tomove froma current
coordinate on the workspace WS to a destination coor-
dinate (defining the location of a workstation, for exam-
ple) on the workspace WS. For that a coordinate system
could be defined in the workspace WS. With such in-
structions a motion profile for moving a shuttle Tn with
certain dynamic parameters can be created by the con-
figuration tool and method or the control unit 10 of the

linear motor 1. It is however also possible that the con-
figuration tool and method or the control unit 10 of the
linear motor 1 creates a motion profile for moving a
shuttle Tn with certain dynamic parameters on basis of
the planed movement paths Pk. The motion profile rea-
lizes the movement of the shuttle Tn. A motion profile
could be in the form of a speed ramp over timewith which
theshuttleTn is first acceleratedwithagivenacceleration
until a given speed in a required direction is achieved,
then the shuttle Tn is moved with this speed before the
shuttle Tn is deceleratedwith agivendeceleration so that
the destination coordinate is reached. To this end a
motion planning tool can be included in the configuration
tool and method or can be run as software on the control
unit 10 that controls movement of a shuttle Tn according
to provided movement instructions.
[0081] The motion planning tool can also comprise a
routine for deciding which branch a shuttle Tn has to
follow in caseof parallel branches of theworkflow.Such a
decision can bemade on basis of the current workload of
the workstations in the parallel branches, for example.
[0082] For that it is necessary that the default or max-
imumdynamicparameters, likespeed,acceleration, jerk,
dwell time before change of direction etc., of the move-
ment of the shuttles Tn are known to themotion planning
tool. For example, a default speed of 2m/s, acceleration
of 20m/s2 and a dwell time of 1s could be set. These
dynamic parameters could also be set differently for
different shuttles Tn. This can be ensured by setting
the required dynamic parameters in the motion planning
tool. It is also possible that the required dynamic para-
meters are stored in a parameter set of a shuttle Tn being
used in the linear motor 1 application. The motion plan-
ning tool could then receive thedynamicparameters from
the parameter set of a shuttle Tn. This means that these
dynamic parameters could be predefined.
[0083] The configuration tool andmethod allow to con-
figure a linear motor 1 without the need to write a single
line of code,which considerably simplifies and speedsup
the configuration of the linear motor 1.
[0084] With the planned movement paths Pk it is also
possible that the configuration tool andmethod simulates
the workflow WF by simulating the movements of the
shuttles Tn in the workspace WS along the planned
movement paths Pk. To this end, the configuration tool
and method could include a simulation tool. The simula-
tion tool is basically software that is run on the config-
uration computer system 20. For simulation it is neces-
sary that the dynamic parameters, like speed, accelera-
tion, jerk, dwell timebefore changeof direction etc., of the
movement of the shuttles Tn are known to the simulation
tool. This can be ensured by setting the required dynamic
parameters in the simulation tool. It is also possible that
the required dynamic parameters are stored in a para-
meter set of a shuttle Tn being used in the linear motor 1
application. This means that these parameters could be
predefined.
[0085] The simulation of the workflow WF for a given
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timeperiod, a couple ofminutes, hours, days, etc., canbe
used to evaluate the configuration of the linear motor 1.
For evaluating the configuration characteristic para-
meters could be calculated or determined during simula-
tion. Examples of characteristic parameters are overall
throughput of shuttles Tn, individual workstation Wj
throughput and workstation Wj utilization. The higher
the value of these parameters, the better a configuration
is. The user can therefore make different linear motor
configurations, like different workspaces WS, for a cer-
tain workflow WF in order to compare and improve a
certain characteristic parameter. The throughput could
be defined as number of shuttles Tn per time unit (e.g.
minute) at a certain point in the workspace WS (that can
be set by the user) or in a workstation Wj. Also a usage
rate (percentage) of a workstation Wj could be used as
characteristic parameter, i.e. for evaluating parallel
branches of the workflow WF.
[0086] In practice it could be helpful to graphically
animate the simulation of movements of the shuttles
Tn for performing the workflow WF and to show the
animation to the user. To this end, the configuration tool
and method can also comprise an animation tool. The
animation tool is basically software that is run on the
configuration computer system 20. The animation tool
animates the movement of the shuttles Tn along the
movement paths Pk in the layout view 12 in order to give
the user graphical feedback on how the operation of the
linearmotor 1could look like. Theanimation couldalsobe
performedwith slowed down or sped up time. Also for the
animation, the dynamic parameters, like speed, accel-
eration, jerk, dwell time before change of direction etc., of
themovement of the shuttles Tn are known to the simula-
tion tool. This can be ensured by setting the required
dynamic parameters in the animation tool. It is also
possible that the requireddynamicparametersarestored
in a parameter set of a shuttle Tn being used in the linear
motor 1 application. This means that these parameters
could be predefined. The user could use the animation to
make edits in the workspace WS or position of work-
stations Wj or waypoints WP.
[0087] In the simulation and/or in the animation, also
other operational parameters, like a processing time in a
workstation Wj, could be considered. Such additional
operational parameters could be provided to the respec-
tive tool in the same way as the dynamic parameters.
Such parameters could also be part of a parameter set of
the workstations Wj and could be obtained from such
parameter sets.
[0088] In the simulation and/or animation, also random
events could be considered. Random events could be
any randomdisturbances, likemalfunctions of shuttles or
workstations. This would allow an even more realistic
simulation or animation of the workflow WF.
[0089] The plannedmovement paths Pk can of course
be used to operate the linear motor 1, as explained
above, for example. To this end, the control unit 10
controls the movement of the shuttles Tn according to

the movement paths Pk and according to the workflow
WF and with set dynamic parameters of the shuttles Tn.
[0090] In another advantageous aspect of the inven-
tion, the movement paths Pk are planned as explained
above, but without the workflow view 13. Especially for
simple linear motor application, this could be possible.
This would lead to a configurationmethod for configuring
a linear motor application, comprising the steps of arran-
ging stator segments in a layout viewof aplanning view to
form a workspace of the linear motor and displaying the
workspace in the layout view, arranging workstations in
the workspace, connecting the workstations in the layout
view according to a given workflow that defines an order
of sequence of workstations and automatically planning
movement paths between the workstations in the work-
space according to the order of sequence defined by the
connections of the workstations and according to given
movement planning rules. This would also lead to a
configuration tool for configuring a linear motor applica-
tion, comprising a configuration computer system with a
display having a planning view, the computer system
being configured to allow a user to arrange stator seg-
ments in the layout view to form aworkspace of the linear
motor and to display theworkspace in the layout view, the
computer systembeing further configured to allow a user
to arrange workstations in the workspace, the computer
systembeing further configured toallowauser toconnect
workstations in the layout view according to a given
workflow that defines an order of sequence of worksta-
tions, and the configuration tool further comprises a
movement path panning tool that is configured to auto-
matically plan movement paths between the worksta-
tions in theworkspaceaccording to theorder of sequence
defined by the connections of the workstations and ac-
cording to given planning rules.

Claims

1. Configuration method for configuring a linear motor
(1) application, comprising the steps of

- Arranging stator segments (Sm) in a layout
view (12) of a planning view (11) to form a work-
space (WS)of the linearmotor (1)anddisplaying
the workspace (WS) in the layout view (12),
- Arranging workstations (Wj) in the workspace
(WS) and simultaneously displaying the work-
stations (Wj) in a workflow view (13) of the
planning view (11), preferably next to the layout
view (12),
- Connecting theworkstations (WS) in the layout
view (Wj) and/or in the workflow view (13) ac-
cording to a givenworkflow (WF) that defines an
orderof sequenceofworkstations (Wj),whereas
the workflow (WF) is displayed in the workflow
view (13) in the form of a flowchart with the
workstations (Wj) as nodes that are linked by
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connections that define the order of sequence,
-Dynamically linking the layout view (12) and the
workflow view (13) such that a change in the
configuration of the linear motor (1) in the layout
view (12) is automatically reflected in the flow-
chart of the workflow view (13), and/or vice
versa.

2. Configuration method according to claim 1, charac-
terized, in that thestepofarrangingstator segments
(Sm) in the layout view (12) is done graphically by
drag and drop in that a stator segment (Sm) or a
group of stator segments (Sm) is dragged into the
layout view (12) and dropped at a desired position in
the workspace (WS) where the stator segment (Sm)
or the group of stator segments (Sm) is snaped-on a
predefined grid of the workspace (WS) or an already
present stator segment (Sm) or group of stator seg-
ments (Sm) in the workspace (WS).

3. Configuration method according to claim 1 or 2,
characterized, in that the step of arranging work-
stations (Wj) in the layout view (12) is done graphi-
cally by drag and drop in that a workstation (Wj) is
dragged into the layout view (12) and dropped at a
desired position in the workspace (WS).

4. Configurationmethod according to any of claims 1 to
3, characterized, in that the step of connecting
workstations (Wj) in the layout view (12) and/or in
theworkflowview (13) is donegraphically bydrawing
a line between two workstations (Wj) in the layout
view (12) or in the workflow view (13).

5. Configurationmethod according to any of claims 1 to
4, characterized, in that the step of dynamically
linking comprises automatically adding a worksta-
tion (Wj) to the flowchart or removing a workstation
(Wj) from the flowchart in the workflow view (13)
when the workstation (Wj) is added to the layout
view (12) or removed from the layout view (12), or
vice versa.

6. Configurationmethod according to any of claims 1 to
5, characterized, in that the step of dynamically
linking comprises automatically adding connections
between workstations (Wj) in the layout view (12)
when two workstations (Wj) are connected to each
other in the flowchart in the workflow view (13).

7. Configurationmethod according to any of claims 1 to
6, characterized, in that the configuration method
further comprises the step of automatically planning
movement paths (Pk) between theworkstations (Wj)
in the workspace (WS) according to the order of
sequence defined by the connections of the work-
stations (Wj) and according to given planning rules,
the movement paths (Pk) defining routes of shuttles

(Tn) of the linear motor (1).

8. Configuration method according to claim 7, charac-
terized, in that the configuration method further
comprises the step of automatically generating soft-
ware instructions for moving the shuttles (Tn) along
the movement paths (Pk) from workstation (Wj) to
workstation (Wj) in the order of sequence of the
flowchart for realizing the workflow (WF).

9. Configuration method according to claim 7 or 8,
characterized, in that the configuration method
further comprises the step of simulating the move-
ment of the shuttles (Tn) along the movement paths
(Pk) for realizing the workflow (WF) for a given time
period and in accordance with given dynamic para-
meters of the movements of the shuttles (Tn).

10. Configuration method according to claim 9, charac-
terized, in that the configuration method further
comprises thestepof animating thesimulatedmove-
ment of the shuttles (Tn) along the movement paths
(Pk) for realizing theworkflow (WF) in the layout view
(12) for a given time period and in accordance with
given dynamic parameters of the movements of the
shuttles (Tn).

11. Configuration method according to claim 9 or 10,
characterized, in that a characteristic parameter of
the operation of the linear motor (1) is determined
during the simulation.

12. Configuration tool for configuring a linear motor (1)
application, comprising a configuration computer
system (20) with a display (25) displaying a planning
view (11), the configuration computer system (20)
being configured to simultaneously display in the
planning view (11) a layout view (12) and a workflow
view (13), preferably next to the layout view (12), the
configuration computer system being further config-
ured to allow a user (22) to graphically arrange stator
segments (Sm) in the layout view (12) to form a
workspace (WS) of the linear motor (1) and to dis-
playing the workspace (WS) in the layout view (12),
the configuration computer (20) systembeing further
configured to allow the user (22) to graphically ar-
range workstations (Wj) in the workspace (WS) and
tosimultaneouslydisplay theworkstations (Wj) in the
workflow view (13) of the planning view (11), the
configuration computer system (20) being further
configured to allow the user (22) to connect work-
stations (Wj) in the layout view (12) and/or in the
workflow view (13) according to a given workflow
(WF) that defines an order of sequence of worksta-
tions (Wj) and to display the workflow (WF) in the
workflow view (13) in the form of a flowchart with the
workstations (Wj) as nodes that are linked by con-
nections that define the order of sequence, and the
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configuration computer system (20) being further
configured to automatically dynamically link the lay-
out view (12) and the workflow view (13) such that a
change in the configuration of the linear motor (1) in
the layout view (12) is automatically reflected in the
flowchart of the workflow view (13), and/or vice ver-
sa.

13. Configuration tool according to claim 12, character-
ized, in that the configuration computer system (20)
being configured to allow the user to graphically drag
a stator segment (Sm) or a group of stator segments
(Sm) into the layout view (12) and to drop the
dragged stator segment (Sm) or a group of stator
segments (Sm) at a desired position in the work-
space (WS) where the stator segment (Sm) or the
group of stator segments (Sm) is automatically
snaped-on a predefined grid of the workspace
(WS) or an already present stator segment (Sm)
or group of stator segments (Sm) in the workspace
(WS).

14. Configuration tool according to claim 12 or 13, char-
acterized, in that the configuration computer sys-
tem (20) being configured to allow the user to gra-
phically drag a workstation (Wj) into the layout view
(12) and to drop the dragged workstation (Wj) at a
desired position in the workspace (WS).

15. Configuration tool according to any of claims 12 to
14, characterized, in that the configuration compu-
ter system (20) being configured to allow the user to
graphically connect workstations (Wj) in the layout
view (12) and/or in theworkflow view (13) by drawing
a line between two workstations (Wj) in the layout
view (12) or in the workflow view (13).

16. Configuration tool according to any of claims 12 to
15, characterized, in that the configuration compu-
ter system (20) being configured to dynamically link
the layout view (12) and the workflow view (13), in
that a workstation (Wj) is automatically added to the
layout view (12) or removed from the layout view (12)
when the workstation (Wj) is added to the flowchart
or theworkstation (Wj) is removed from the flowchart
in the workflow view (13), or vice versa.

17. Configuration tool according to any of claims 12 to
16, characterized, in that the configuration compu-
ter system (20) being configured to dynamically link
the layout view (12) and the workflow view (13), in
that a connection between workstations (Wj) is
added in the layout view (12) when two workstations
(Wj) are connected to each other in the flowchart in
the workflow view (13).

18. Configuration tool according to any of claims 12 to
17, characterized, in that the configuration tool

comprises a movement path planning tool that is
configured to automatically plan movement paths
(Pk) between theworkstations (Wj) in theworkspace
(WS) according to the order of sequence defined by
the connections of theworkstations (Wj) and accord-
ing to given planning rules, themovement paths (Pk)
defining routesof shuttles (Tn) of the linearmotor (1).

19. Configuration tool according to claim 18, character-
ized, in that the configuration tool comprises a soft-
ware generation tool that is configured to automati-
cally generate software instructions for moving the
shuttles (Tn) along the movement paths (Pk) from
workstation (Wj) to workstation (Wj) in the order of
sequence of the flowchart for realizing the workflow
(WF).

20. Configuration tool according to claim 18 or 19, char-
acterized, in that the configuration tool comprises a
simulation tool configured to simulate themovement
of the shuttles (Tn) along the movement paths (Pk)
for realizing theworkflow (WF) for agiven timeperiod
and in accordancewith givendynamic parameters of
the movements of the shuttles (Tn).

21. Configuration tool according to claim 20, character-
ized, in that the configuration tool comprises an
animation tool configured to animate the simulated
movement of the shuttles (Tn) along the movement
paths (Pk) for realizing the workflow (WF) in the
layout view (12) for a given time period and in ac-
cordance with given dynamic parameters of the
movements of the shuttles (Tn).

22. Configuration tool according to claim 20 or 21, char-
acterized, in that a characteristic parameter of the
operation of the linearmotor (1) is determined during
the simulation by the simulation tool.
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